A tryptone-salts medium for continuous growth and alpha toxin production of Clostridium perfringens type A in an adapted chemostat is described. In such steadystate cultures, fermentative and biochemical activity of C. perfringens remained unchanged. Toxigenic ability to produce alpha, theta, and nu toxins was preserved.
For cultivation of Clostridium perfringens in continuous culture, a particle-free fluid medium that supports growth and promotes toxin production is essential. The presence of any particles such as minute pieces of meat obstructs the continuous flow of medium smoothly metered into the culture vessel. In this paper, the finding of a simple medium that serves all the purposes as described is reported.
MATERIALS AND METHODS
Organism. C. perfringens type A S107 (NCTC 8237) obtained from the National Collection of Type Cultures, Colindale, London, was used.
Media. In preliminary studies, luxuriant growth of C. perfringens was obtained in 1% glucose-meat infusion broth, but alpha-toxin titers were poor in the absence of meat particles. Consequently, the merits of two clear peptone media, tryptone-salts medium and proteose-salts medium, were studied. Both media were initially tested for growth and alpha toxin of C. perfringens in static batch cultures. Tryptone-salts medium was subsequently chosen for use in continuous cultivation.
Tryptone-salts medium contained 50 g of tryptone (Oxoid L42), 50 Growth measurement. Growth was measured turbidimetrically in a nephelometer (Evans Electroselenium Ltd.) with uninoculated medium as a blank.
Cultural characteristics of C. perfringens. Procedures used for testing biochemical activities were those described by Willis (9) .
Tests for toxigenicity. Alpha, theta, and nu toxigenicity of C. perfringens were detected from plate growth on appropriate media. Presence of alpha toxin was judged by lecithinase C activity on lactoseegg yolk agar medium (10); theta toxin was judged by hemolysis produced on horse blood agar and nu toxin by clear zones surrounding colonies on deoxyribonuclease agar (Oxoid CM321) flooded with hydrochloric acid. Alpha toxin was assayed by a modified tube method of van Heyningen (8) . Five drops of crude toxin from a standard dropper were transferred into test tubes (80 by 10 mm), followed by five drops of the respective antitoxin subunits (1.0, 0.9, 0.8, 0.7, 0.65, 0.55, 0.5, 0.45, 0.4, 0.35, 0.3, 0.2, and 0.1) added to each tube except the control. After shaking, the tubes were incubated in a water bath for 30 min at 37 C. Then five drops of egg yolk-saline solution were delivered into all tubes which were shaken and reincubated for an additional 2 hr at 37 C. The tube that contained the highest dilution of antitoxin and still showing turbidity was the end point expressed as the antitoxin combining power (Lb). One Lb unit is defined as the minimal concentration of toxin which, when mixed with one International Unit of antitoxin, will still produce turbidity in the egg yolk solution indicator.
Chemostat. Problems of regulated fluid consumption, medium storage and replenishment, maintenance of a homogeneous culture with facilities for disposal of the effluent, and sterilization of equipment were considered for the construction of a suitable chemostat ( passing nitrogen gas through a humidifer into a hydrostatic pressure regulator with an outlet to the atmosphere. Through a bypass, the saturated gas passed into an air filter to enter the reservoir holding sterile tryptone medium. The gas escaped through the medium into the atmosphere through a tapering air outlet with a screw adjustment.
In a chemostat either the flow rate or the culture volume are permissible variables. Of the two alternatives, change of flow rate is more practicable than change of culture volume. A 250-ml Erlenmeyer flask with a sloping side arm was modified as a cultivator, holding set volumes of 240 or 250 ml of cultural suspension.
Mixing of the bacteria with the inflowing medium was accomplished by a magnetic stirrer. Effluent flowing through polyethylene tubing connected to the side arm of the culture flask passed into a receiving vessel. Alternately, it was received in 25-ml Universal bottles held in packed ice for sampling.
Reserve tryptone-salts medium was stored in 4-liter recharging bottles fitted with a siphon trap for replenishment of fresh sterile medium into the emptiedmedium reservoir bottle. The whole glassware assembly, with the exception of the recharging and discard bottles, was placed in an incubating cabinet. Method of operation. The assembled equipment was allowed to equilibrate overnight at 37 C.
A young actively growing C. perfringens culture (3 ml) in Robertson's cooked meat broth was used as the starter culture. It was added through the barrel of a hypodermic syringe used as an inoculating port inserted into the stopper of the cultivator. A 0.5-ml amount of 0.1% thioglycollic acid accelerated the growth initiation. Silicone antifoam held in a wire coil was suspended above the surface of the inoculated medium to reduce frothing.
Growth proceeded as a batch culture before chemostat operations were started with the admittance of nitrogen and the adjustment of the flow rate.
Static culture. 
RESULTS AND DISCUSSION
The amount of growth and alpha-toxin titers produced by C. perfringens type A S107 in both 1 % glucose-tryptone-salts medium and in 1% glucose-proteose peptone-salts medium in static cultures are plotted in Fig. 3 . Tryptone medium supported greater amounts of growth.
In continuous cultivation, 0.1%l glucose-tryptone-salts medium supported steady-state growth of C. perfringens. Growth levels attained for each adjustment of flow rates from dilution rates of 0.1 to 1.1 hr-1 are shown in Fig. 4 .
The effluent from three dilution rates, 0.2, 1.1, and 0.1 hr-1, respectively, were plated onto Willis and Hobbs medium (10) incubated at 37 C for 18 hr in an anaerobic jar. On subculture, colonies from the faster growing cells removed 
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The alpha, theta, and nu toxins were evident throughout from examination of plate colonies. Titers of alpha toxin assayed from effluent 0 { "8a1" " filtrates were consistently in the region of 0.1 to 0.2 Lb unit/ml. This strain, when subcultured in 1 % glucose-Robertson's cooked meat medium, was fully toxigenic with alpha titers (1.0 to 1.3 Lb unit/ml) and equal to that of the reference strain.
The toxigenic-promoting factors in meat have been attributed to be present in enzymatic digests of meats (7, 8) 
